Schistosomiasis in antiquity the other hand, S. mansoni lesions have been found in the intestine of baboons, which nowadays are frequently infected in parts of Kenya and Tanzania.5 It is known that schistosomiasis occurred in Ancient Egypt, and it is the purpose of this paper to present evidence which may indicate the way it entered this country and then spread throughout the countries of the Ancient Near East. Experiments on schistosomal infestation of mummies will also be reported.
SCHISTOSOMIASIS IN ANCIENT EGYPT
Egyptian medical texts do not help in identifying cases of schistosomiasis in antiquity. The aaa disease is mentioned at least as early as the sixteenth century B.C. in several Egyptian papyri, and may be haematuria from schistosomiasis, but authorities differ widely over the interpretation of the word.6 Treatment of haematuria and of hrrw worms, which may be S. haematobium, was not satisfactory.7 The identification of the small adult schistosomes in human tissues remains very doubtful indeed,8 for anatomical dissections were not performed by the Ancient Egyptians.
Urinary calculi frequently occurred in Egyptian youths about the time of Galen (A.D. c.129-c.201 ), but they have only rarely been found in early dynastic mummies.' Urinary schistosomiasis is frequently complicated by the formation of calculi, but lithiasis alone may cause haematuria.10 . Churchill, 1962, pp. 127-153, see pp. 142-144; p. 132 , note that wild pig and wart hog may be potential sources of infection to man in Africa; A. Fenwick, 'Baboons as reservoir hosts of Schistosoma mansoni', Trans. R. Soc. trop. Med. Hyg., 1969, 63: 557-567, see pp. 566-567. 6 F. Jonckheere, Une maladie 0gyptienne, Brussels, Fondation lgyptologique Reine Elisabeth, 1944, p. 11; G. Lefebvre, Essai sur la medecine egyptienne, Paris, Presses Universitaires de France, 1956, p. 153 ; P. Ghalioungui, Magic and medical science in Ancient Egypt, London, Hodder & Stoughton, 1963, p. 56 , disagrees with this diagnosis; H. Grapow, Grundriss der Medizin der Alten Xgypten III: Kranken, Krankheiten und kzt, Berlin, Akademie Verlag, 1956, p. 66, thought Waa was probably only haematuria, as previously mentioned by B. Ebbell, 'Die agyptischen Krankheitsnamen', Zt. Agypt. Sprach., 1927, 62: 13-20 , see p. 17; J. T. Rowling, 'Urology in Egypt', in D. R. Brothwell and A. T. Sandison (editors) , Diseases in antiquity, Springfield, Illinois, Charles C Thomas, 1967, pp. 532-537, see p. 535 , also was doubtful if Waa was even a parasitic disease.
7B. Ebbell, The Papyrus Ebers, London, Humphrey Milford, 1937, Egypt', ibid., 1973, 67: 384-399 There is, however, no direct evidence of this happening in antiquity. Nevertheless, under the primitive living conditions that must have existed in central Africa during the second and first millennia B.C., the inhabitants would be in close contact with wild animals, and, if they settled in agricultural communities bordering forests and streams, suitable conditions for creating foci ofendemic schistosomiasis would occur,20 as they do among the present-day primitive tribes of northern Tanzania and the pygmies of the Ituri forest.2'
A reservoir of natural infection of S. mansoni exists among the wild monkeys of East Africa at the present time, and even a few cases of S. haematobium infection have been found among them.22 As communities of wild monkeys tend to remain within relatively well-defined areas, limited mainly by availability of food and water, this was probably so in antiquity, and therefore the endemic area of schistosomiasis in monkeys was also probably similarly circumscribed. The very close relationship between the tribes of hunter-gatherers and the troops of monkeys strongly suggests that a nidus of infection was maintained in central Africa, both man and monkey acting indiscriminately as definitive hosts to the parasites. Troops of baboons of the Papio species congregate at drinking sites and contaminate their watering-places very readily with excreta. Being omniverous, they may even become infected by eating infected snails.23 Papio doguera, for example, regularly visits potentially infected water in East Africa. Cercopithecus species have also occasionally been seen near water, and Cercocebus galeritus is mainly ground-living, frequenting banks of streams and rivers. All Oriental., 1973, 42: 370-382. Schistosomiasis in antiquity towards Egypt, and not until the end of this dynasty (c.660 B.C.) did the area of Meroe in the south of the country become important, but by then all contact with Egypt had been lost.
If it can be accepted that central Africa was the original home of schistosomiasis, it can be argued that the disease may have spread from there to the Middle East. Thus, an infected human or animal from Punt would be taken to Thebes. As no merchant would be likely to risk buying obviously diseased merchandise, the infection must have been mild or sub-clinical. This would be quite possible, for even nowadays schistosomiasis may be missed clinically,3 and the journey between Punt and Upper Egypt was neither difficult nor lengthy. Schistosomiasis could therefore be readily transported and then infect the snail hosts at Thebes. From the cases of human disease dated to the XXth dynasty (c. twelfth century B.C.), we have a terminus post quem for the disease in Egypt. Suspicion must naturally fall on expeditions to Punt by the pharaohs of the XVIIIth (c.1575-1308 B.C.) and XXth dynasties (c.1 184-1087 B.C.), who made them relatively frequently, and whose records are more detailed than those of earlier ones. Later pharaohs concentrated mainly on the importation of precious stones, metals, and animal products, although slaves and monkeys were still occasionally imported.
From Thebes, a city built on the banks of the relatively fast-flowing Nile, the goods were widely distributed throughout Upper and Lower Egypt, so that any imported schistosomal infection could be quickly spread throughout the country. The presence of S. haematobium ova in human mummified tissues suggests that the initial infection may have been of human origin. The infection today in Upper Egypt is limited to S. haematobium, a mixture of S. mansoni and S. haematobium only being found in Lower Egypt, and this was probably so in the past.M Schistosomiasis is more likely to be associated with the continuous form of irrigation which was, and still is, practised in Lower Egypt, whereas basin irrigation in Upper Egypt led to periodic drying of the land and death of the parasite."
Infection by S. mansoni has still not been identified histologically in Ancient Egyptian material, but it was probably introduced into Upper Egypt by infected baboons, and although unable to establish itself there, the parasite was carried downriver to infest snails and human hosts in the Delta region of the Nile.
Although apes and baboons were not native to Lower Egypt, they were certainly known there from early times; they were, however, indigenous in the Land of Cush, which corresponded to Ethiopia of the classical writers,36 being concentrated mainly in the upper reaches of the Nile. An alabaster cynocephalic statuette bearing the name of King Narmer and dated c.3200 B.C., has been found in Egypt.37 It is now Il Woodruff, op. cit., note 15 above.
'" Chandler and Read, op. cit., note 4 above, pp. 286-287. Snail hosts of S. haematobium, being feeders on the bottom, are relatively unaffected by the rate of flow of the river. Snail hosts of S. mansoni, being surface feeders, cannot establish themselves until the current has greatly diminished. "P. Ghalioungui, ' Similarly, there is no direct evidence that schistosomiasis occurred in Ancient Mesopotamia. Apes were not among the native Mesopotamian fauna, although they were known there from very early times.47 Akkadian medical texts, some of which were copied from earlier ones of the early part of the second millennium B.C., are usually of little value for making an accurate diagnosis of this disease. The musfidisease in Mesopotamia may have been a genito-urinary form of schistosomiasis associated with cystitis,48 but this diagnosis is doubtful. Urinary lithiasis, often associated with schistosomiasis, has not yet been found in Ancient Mesopotamian burials, although it is clearly mentioned in medical texts. Haematuria and bloodstained diarrhoea, both of which may be found in cases of schistosomiasis, are also mentioned in these texts, but diagnosis remains uncertain due to lack of additional medical evidence. A close relationship has been noted between human habitations and shells of the snail B. truncatus at Tell Uqair, Dur Kurigalzu and Babylon from c.3500 B.C. to 600 B.C., although no human cases of schistosomiasis have yet been discovered at archaeological sites in these parts of modem central Iraq.49 Snail shells were frequently incorporated there in mud building-bricks, and it was obligatory to use fresh water for religious ceremonies in the temples.
Infestation of Upper Egypt during the fifteenth or fourteenth centuries B.C. would allow ample time for the disease to be disseminated in Lower Egypt, and thence to become established in Palestine by the time of Joshua (late thirteenth century B.C.), and to extend into central Mesopotamia by the time of the later Kassite rulers (i.e. after the thirteenth century B.C.). The endemic nidus of schistosomiasis in the area of Thebes merely confirms the establishment of this disease in Upper Egypt by the XXth dynasty (c.1 184-1087 B.C.) and does not exclude the possibility that the disease was present in earlier times.
The snail hosts, having reached the Nile Delta, would be transported overland via Palestine, Syria During the preparation of the human body for mmification, the internal organs were removed and deposited in canopic jars dedicated to the four Children of Horus. whose representations were shown on the stoppers. Curiously enough, these jars are not mentioned by Herodotus or Diodorus Siculus,51 but they were obviously of considerable importance in the rite of mummification, for the contents were necessary to the dead person in the life after death. They were, however, frequently represented or mentioned in papyri of the Book of the Dead.52 In preparation of the body, the heart was invariably, and the kidneys usually, left in situ." From the XXIst dynasty (c.1087-945 B.C.), canopic jars were often not used, four individual parcels of the viscera being wrapped in linen and replaced inside the abdominal cavity. Later still, when the standards of mummification had declined, simulated bundles of viscera were used.
Attempts at mummification probably date from the first dynasty (c.3200-c.3000 B.C.),54 but the art had developed to such an extent by the lVth dynasty (c.2620-2343 B.C.), that tissues were adequately preserved even when the corpse had been buried deep inside a pyramid. During the later periods of pharaonic rule, various sacred and secular animals were also mummified.55 The use of natron, a mixture of impure sodium carbonate and bicarbonate, for mummification is not disputed, but authorities differ as to whether a solution or the dry, impure salt was used." Although the former has occasionally been found in canopic jars, viscera usually appear to have been preserved in dry natron;57 it has also been found inside the body cavity itself. The 0 W. B. Emery, Archaic Egypt, Harmondsworth, Middlesex, Penguin Books, 1961, pp. 38-40;  Schistosomiasis in antiquity composition of natron was variable,58 and usually contaminated with resinous material.
Experiments 1. The shell of the schistosome ovum is formed from a tough polysaccharide. Ova of S. haematobium can be differentiated from those of S. mansoni and other species on morphological grounds and by differential staining methods.,"
Inocula of 100 cercariae of S. mansoni and 380 cercariae of S. haematobium (Egyptian strain) were used for a mouse and a hamster respectively. After five months' incubation, they were killed and the mouse's large intestine and the hamster's bladder were mixed with dry natron, as recommended by Sandison.w After twelve hours the tissues had already become almost dry, and unstained ova were readily recognizable under the microscope, although they were slightly distorted in appearance. Portions were removed at intervals and checked for unstained and stained ova, using carbol fuchsin-methylene blue stain. After five months and again after twenty months, the schistosomal ova were still present but slightly distorted; ova were readily recognizable and the differential staining was satisfactory.
Experiments 2. As natron did not destroy the ova of either species of schistosome after twenty months, it was decided to investigate the contents of canopic jars for evidence of ova in the residues. Scrapings from two jars were available for examination of unstained material:
( It seems possible to recognize schistosomal ova in mummified tissues from canopic jars, and even to identify the species. Specimens of ova of both species of schistosome are more likely to be found in jars dedicated to Qebhsnuf, a hawk-headed deity associated with the intestines, but jars dedicated to the human-headed Imsety and the dog-headed Hapi, associated with liver and lungs respectively, may also be worth examining. During examination of the contents, destruction of the material is minimal, but the sealing of the jar may be damaged. If, for any reason, the tissues have not been properly preserved, ova may still be demonstrated in residues from the bottom of the jar which is usually pointed internally, thereby facilitating the collection of a sample. Unfortunately in many cases the jars exhibited in museums are empty, and archaeological and historical data are often lacking, thus limiting the value of the investigation.
Examination of jars for ova may therefore be additional to the histological examination of mummified material. It could be undertaken in the field, and might provide a rapid means of identifying ova. It has already been suggested that examination of earth underneath unembalmed remains may provide evidence of schistosomiasis," and this may well be applicable to earlier Egyptian burials and to those from Mesopotamia and Palestine.
It is assumed that no further deterioration of schistosomal ova by natron would occur during the course of the ensuing centuries after mummification, and provided the preserved material remains dry, this assumption appears to be valid. Ruffer partially confirmed this by his discovery.65 DISCUSSION Schistosomiasis in antiquity tissues more suitable for histological examination today. It is therefore quite possible that ova of S. haematobium and S. mansoni may yet be discovered in mummies from this dynasty. Searches for them in mummified monkey tissues may be expected to produce comparable results.68
It is possible to make a few tentative statements about the social groups that were at risk to this disease in antiquity. Initial infections in the human hosts, the huntergatherers in the hinterland of Punt, were closely associated with the disease among baboons. The indigent population scraped a simple living on the fringes of forest and savanna, being in relatively close contact with the wild baboons.69 Among the Egyptians, those at risk were the servants and priests associated with baboons in the temples of Thoth at Thebes. Members of the ruling classes and their servants, when keeping monkeys as pets, were also exposed to infection; dwarfs were often employed in this task.70 Widespread infestation of the Nile Delta would affect most severely agricultural workers who were exposed to heavy and repeated cercarial attacks while working in the fields during daylight hours. Hunters and fishermen would be exposed intermittently to infection, depending on their hours of work and the season of the year. Thus, it is legitimate to consider schistosomiasis as an occupational hazard in antiquity. The lack of adequate mummified tissue from the lower social classes tends to exaggerate the role of the ruling caste in this disease. During the later dynasties, embalming was offered to all classes of society,71 but was rare in the earlier periods when schistosomiasis succeeded in establishing itself in Egypt.
All the inhabitants of Jericho were potentially at risk from the well-water,72 regardless of age or of social class, but the younger age groups appear to have suffered most from Joshua's curse.73 However, even by the ninth century B.C. the disease was probably quite patchy in its distribution in Palestine.74 In Mesopotamia, agricultural workers were repeatedly exposed to infection from snail-infested irrigation canals, but in addition, the priestly caste used fresh water for religious ceremonies in temples and palaces, and consequently were also at risk. 
